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Disclosed is an alternating current (A Quscan diagnostic 
system in which one or a plurality of scan chains are teste's*" 
by serially propagating predetermined bit patterns throug h"" 
the scan chain and comparing the output against an expected 
result. The system comprises identification phase, verifica- 
tions and localization, and a characterization phases. The 
system is adaptable for use with on-board diagnostics and is 
adaptable for use with on -product clock generation systems. 
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AC SCAN DIAGNOSTIC METHOD 

FIELD OF THE INVENTION 

The present invention is generally related to testing and 
diagnosing integrated circuits and, more particularly, to 
testing and diagnosing alternating current scan chain defects 
and localizing these defects to a particular shift register latch 
or associated clock tree. 

BACKGROUND 

Integrated circuit technology typically utilizes scan based 
design methodologies and techniques in order to facilitate 
design, testing, and diagnostic procedures. The scan based 
design methodology typically reconfigures sequential logic 
into combinational logic blocks which are interconnected by 
shift register latches. Typical alternating current (AC) scan 
design tests the operation of the shift register latches by 
serially loading and unloading predetermined bit patterns 
through the shift register latches. The serial output bit 
patterns are compared to the input patterns to identify faulty 
latches. 

Current scan based designs typically use scan chains to 
detect AC defects. However, these scan chains are typically 
tested through the application of external inputs. Presently, 
no AC scan chain configurations have utilized built-in self 
test features or on-board clock support. 

SUMMARY OF THE INVENTION 

This invention is directed to an apparatus for performing 
AC scan chain built-in self test and diagnostics of an 
integrated circuit. The apparatus includes a reconfigurable 
linear feedback shift register (LFSR) having an input and a 
plurality of output lines. The LFSR generates a bit pattern. 
A plurality of scan chain latches interconnect to the LFSR, 
and each scan chain latch serially receives at a respective 
input the bit pattern output by the LFSR. Each scan chain 
latch propagates the bit pattern from the respective input to 
a respective output of each scan chain latch. A multiple input 
signature register (MISR) receives the bit patterns output by 
the respective scan chain latches, and generates a signature 
in accordance with the bit patterns input from the scan chain 
latches. A comparison circuit compares the signature with an 
expected signature based upon the pattern input to the 
plurality of scan chain latches. A controller reconfigures the 
LFSR to vary bit patterns output by the LFSR and varies the 
timing sequence of the LFSR, the plurality of scan chain 
latches, the MISR, and the comparison circuit. When the 
signature is equal to the expected signature, the scan chain 
latches are functioning correctly. 

These and other improvements are set forth in the fol- 
lowing detailed description. For a better understanding of 
the invention with advantages and features, refer to the 
description and to the drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a block diagram of a typical level 
sensitive scan design (LSSD) configuration; 

FIG. 2 illustrates a block diagram of a level sensitive scan 
design scan chain; 

FIG. 3 illustrates a block diagram of the method for 
carrying out an alternating current scan chain diagnostic 
procedure; 

FIGS. 4a-4d illustrates timing set diagrams for varying 
the timing sequence of the identification phase of the AC 
scan chain process depicted in FIG. 3; 
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FIGS. Sa-Sb illustrates a timing set variation for a binary 
search for carrying out the verification and localization 
phase of the AC scan chain test procedure; 

FIG. 6 illustrates a block diagram for the pattern and 
5 timing sequencing implementation of the AC scan chain test 
procedure of FIG. 3; 

FIG. 7 illustrates a timing diagram for clock and data 
signals for the AC scan chain test procedure; 

FIG. 8 illustrates a built-in self-test circuit for carrying out 
10 the AC scan chain test procedure in a self-test mode; and 

FIG. 9 illustrates a circuit for carrying out a built-in 
self-test procedure including on-product clock generation 
for an AC scan test procedure. 

DETAILED DESCRIPTION OF THE 
15 INVENTION 

With respect to FIG. 1, FIG. 1 illustrates a typical level 
sensitive scan design (LSSD) configuration 10. The LSSD, 
_ configuration 10 includes combinational logic blocks 12a, 

on _ 126, 12c. The combinational logic blocks 12a , 12b. 12c 
represent_cornbinatiQ naLlog ic_w hich_ executes various pre- 
determined functions. T he combinational logic blocks are 
interconnected by scan chain 14 a, which interconnects 
combinational logic blocks 12a and 12b and scan chain 14b, 

25 which interconnects combinational logic blocks 126 and 
12c. Scan chains 14a, 146 include shift register latches 
(SRLs) interconnected, as will be described. 

Data is input to combinational logic blocks 12a, 12b, 12c 
in a parallel or broadside manner via respective primary 

30 input (PI) vectors 16a, 166, 16c. PI vectors 166, 16c may 
more specifically be referred to as pseudo-PI vectors. Data 
is output from combinational logic blocks 12a, 126, 12c in 
a parallel fashion to primary output (PO) vectors 18a, 186, 
18c, respectively. PO vectors 18a, 186 may more specifi- 

35 cally be referred to as pseudo-PO vectors. PO vectors 18a, 
186 function as PI vectors to respective scan chains 14a, 
146. Similarly, PI vectors 166, 16c Junction as parallel 
o utputs from respective scan cha ins 14a, 146. 

" Scan chains 14a, 146 may also be loaded serially to 

40 enable testing of scan chains 14a, 146. In particular, serial 
input (SRI) line 20 provides a serial input to scan chain 14a. 
Similarly, serial output line (SRO) 22 provides an output 
from scan chain 146. Scan chains 14a, 146 are intercon- 
nected by serial line 24. Serial line 24 functions as an SRO 

45 for scan chain 14a and as an SRI for scan chain 146. One or 
a plurality of system clocks 26 output timing signals to 
control timing operations of the combinational logic blocks 
12 and scan chains 14. One or a plurality of scan chain 
clocks 28 provide timing signals to scan chains 14. 

50 FIG. 2 depicts an exemplary scan chain 14. Scan chains 
14 comprises a plurality of shift register latches (SRL) 30, 
also designated as SRL^ SRl^, . . . , SRL Ar _ I , SRL^. Thus, 
scan chain 14 comprises a plurality of shift register latches 
30a, 306, 30c, 30d. The number of shift register latches 30 

55 depends upon the width of PI vectors 16 and PO vectors 18. 
Each SRL 30 includes a master latch 32 and a slave latch 34. 
Serial data, such as described with respect to FIG. 1, is input 
to master latch 32 on SRI line 36. Each bit line of the 
primary input PI vector is input to a respective parallel data 

60 line 38. As will be described in greater detail, data is clocked 
into each SRL 30 by applying a clock pulse to master latch 
32. Data is clocked out of each SRL 30 by applying a clock 
pulse to slave latch 34. Data is output from slave latch 34 to 
a succeeding master latch 32, or with respect to SRL 30d, 

65 SRO line 42. Each SRI line 36 and SRO line 40 may also 
function as a parallel output data line 42 to effect a parallel 
output from scan chains 14, as described in FIG. 1. 
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Tne operational timing of scan chain 14 is effected by 

system and scan clock signals as referred to in FIG. 1. In TABLE 1 -continued 
particular, serial loading of master latch 32 occurs upon 
generation of an A-clk pulse on A-clk line 44. The A-clk 

pulse on A-clk line 44 causes serial input applied to SRI line 5 
36 to be input to each master latch 32. Application of a B-clk 
pulse on B-clk line 46 causes data from LI to be output from 
SRL30 via slave latch 34 to L2. The continuous, alternating 
application of A-clk and B-clk clock pulse signals on 

respective A-clk line 44 and B-clk line 46 sequentially 10 
propagates a data signal applied to SRI 36 of SRL 3Gci 

through scan chain 14. To effect a parallel load, a d-cDc Whcn a scan cham dcsl S n incorporates m ultiple scan 

clock pulse is applied to C-clkline 48 to cause a parallel load chains or allows for reconfiguration of scan chains, the , 

of data via parallel data lines 38 to each master latch 32 of J panem sequences described with respect to Table 1 niayj?e_ 

SRL 30. Application of a C^lk clock pulse to B^lk line 46 15 applied to one or more chains while the remaining chainsjre. 

causes a parallel output of data from each slave latch 34 of held * a quiescent 0 or 1 state. When a design includes 

SRL 30 to provide data on respective parallel output data grcater num u bers . of scan chains, the number of possible 

lines 36 and 42. With reference to FIG. 1, C r clk and d-clk combinations can become relatively large, requiring 

clock pulses correspond to system clocks 26, and A-clk and S ? leCtl °* f . through the scan 

B-clk clock pulses correspond to scan clocks 28 of FIG. 1. 20 chainS ' ^ ltl P le <* ai u n test method ° lo g ie u s *chide propagat- 

ing predetermined bit patterns through all scan chains; 

In typical level sensitive scan design (LSSD) propagating predetermined sequences through a single chain 

configurations, each scan chain 14 can be used as a pseudo- while all other scan chains propagate a 0; propagating a 

primary input and a pseudo-primary output of each combi- predetermined pattern through a singe chain while all other 

national logic block 12 in addition to the Pis and POs for scan chains propagate a 1; and/or propagation either of the 

LSSD circuit 10. This extends the number of the stimulation previous two sequences through multiple scan chains, 

observability points of the device being tested or diagnosed. Once the AC fail can be replicated and is stable, the 

A major drawback of this test methodology is encountered diagnostic pattern sequences which rendered the AC fail can 

when the scan chain does not function properly and access be utilized in the yerification_and localization phase_56_of 

to the internal logic of the device is greatly reduced. This is n n FIG. 3, which is the next phase of the diagnostic process. In.. 

often the case early in the technology or the product intra- situations where identification phase 54 cannot.successfiUl ^" 

duction cycle when yields are relatively low. In such *_ replicate an AC Tail sequence, specialized patterns may be 

situations, the rapid determination of the root cause is "generated, but such patters do not lend themselves to auto- 

critical, but such root cause can prove difficult to diagnose. mated diagnostic procedures. 

In such low yield situations, failures often relate directly to 35 In the verification and localization phase 56. the. AC scan 
the scan chain. Scan based designs are fairly common, and diagnostic method 50 selects a specific failing test pattern 
the scan chains represent a significant portion of the active 'sequence and verifies the passing reference point and the 
surface area of an integrated circuit. Thus, a solution which ' failing test point conditions. The two test points and previ- 
speeds AC diagnostics of defective or questionable inte- " ousJy identified tailing pattern or patterns are used to local- 
grated circuits provides timely yield improvements, thereby ^ ^ me faihire to a specific shift register cham> iatch) or 
insuring successful production of the design. Preferably, a ran ge of latches. Such localization occurs by modifying the 
scan chain fault can be diagnosed within a manageable a b 0V e pattern and timing in conjunction with execution of a 
number of logic blocks in the minimum time. This expedites search algorithm, such as a binary search algorithm, as will 
isolation of further investigation using conventional physi- be described with respect to FIGS. 4-6. 
cal failure analysis tools. 45 pjG. 4 illustrates exemplary timing set variations for 
FIG. 3 illustrates a flow diagram for an AC scan diag- determining the passing reference point and the failing test 
nostic approach to, testing scan chains. With reference to point conditions. In particular, FIG. 4a defines a generic 
FIG. 3, the AC scan diagnostic method 50 will be described. timing variation structure for the verification and localiza- 
Control of the AC scan diagnostic method^) commences^at uon phase. A diagnostic pattern sequence propagates from 
st art block 52,_Control proceeds to identification phase 54. 50 an SRI to an SRO through a series of scan chain latches. 
"Sswiii" be described in greater detail herein, identification Space between each vertical tick mark on the time line 62 
phase 54 establishes a stable test condition that exposes a between the SRI and SRO represents a particular scan chain. 
potential AC fail condition. This is typically accomplished FIG. 4a depicts a generalized timing set variation dia- 
by varying several environment variables., power settings, gram. The horizontal line between SRI and SRO defines a 
and timing parameters in conjunction with the application of 55 shift register latch (SRL) line 62, and the lower line repre- 
diverse scan pattern sequences. Table 1 illustrates exemplary sents a timing set line 64. The symbol 66 represents the 
scan pattern sequences that may be propagated through a particular latch where a timing set change occurs. Horizontal 
particular scan chain. In addition to those sequences line 68 demonstrates that the timing set change may occur 
depicted in Table 1, additional, alternative sequences may across any of the SRLs and may be shifted left or right along 
also be propagated through a scan chain to be tested. 60 the SRL line 62. Similarly, the arrows on timing set line 64 

indicate that the timing sets can be varied across the many 

TABLE 1 latches along the SRL line 62. 

A plurality of timing sets Tl, T2, T3, T4, and T5 represent 

Pattern Name Pattern Example potential timing set variations for propagating the diagnostic 

Alternate 00/11 pair . . . 00110011 ... 65 pattern sequence between the SRI and SRO through the 

Alternate 0/3 pair . . . oioioioi . . . latches of the scan chain. Timing sequences T1-T5 represent 

the timing sets implemented using scan clocks 28 of FIG. 1. 
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As the diagnostic pattern traverses the scan chain, a partial- ceeds through T3 timing set block 96, T4 liming set block 

lar timing set may generate an AC fail in a specific scan 98, and TS timing set block 100. Following execution of the 

chain latch. By varying the diagnostic pattern and the timing respective timing set block 92-100, control proceeds to 

set, the specific latch of the scan chain may be localized and block 102 which measures the expected output from the 

the passing reference and failing test point conditions may s testc( i scan cha i n i alc hes. Acontrol unit 104 enables variable 

be determined using binary search methodologies discussed of each of the respcctive dmiDg ^ blocks so mal 

with respect to FIG. 5. each timing xt block may be updated m ordcr to vary ^ 

FIGS. 4b, 4c, and 4d are exemplary, particularized ver- patterns, the order of execution of the timing sets, and 

sions of FIG. 4a for varying the timing sets Tl, Tl, T3, T4, selected timing set parameters. 

and T5. In particular, FIG. 4b represents a fast to slow timing 10 pjQ. 7 illustrates an exemplary timing set, as may be 

set transition and a comphmenUry slow to ast Urnmg set implemented for any of timing sets Tl, T2, T3, T4, or T5. In 

fransition. FIG 4b includes a SRL line 62, a timing set line pjc. 7, a serial input (SRI) signal variation is shown as one 

64, and symbol 66 inthcaUng the tuning set changeover of ^ A b ^ have opposite phases. Each A-clk and 

point. The fast and slow timmg sets correspond to respective B-clk clock signal includes respective clock pulse signals 

timing sets Tx or Ty where x and y are integers correspond- 15 106 1Q8 and ke UQ n2 ^ pulse F width / 110; 

ing to the number of timing seU. The sequential implemen- m deflne a variaWe eter for a ^ dm 

taUon of timing sets Tx and Ty and Ty and Tx represent fa ad(Jition tQ ^ ^ variati J ^ ^ |^ 

complimentary timing sets which are preferably executed A k ^ tQ deflne a ^ m 

for predetermined patterns to fully verify and localize an M ^ be varied ^ ^ * tim 

SRL failure. In an even more detaded timing set transition M & m and a e 116 6 deflnes B a variable 

sequence, wh.ch is ; parucular y apphcable for use during .the ^y^. Similarly, the launch edge 118 of the B-clk 

characterization phase 58, FIG. 4c is similarly arranged as . M A , A P A , , - 

mo ... . r oi^ti- ~» 4 . • . - ^ P^se and capture edge 120 of the A-clk pulse defines an 

FIG. 4b including an SRL line 62, a timing set line 64, a ,. v , * T -»/ri 

. , ... ii- / a a additional, variable parameter L2/L1. 
symbol 66, and horizontal line 68. FIG. 4c represents a 

slow/fast/slow timing set transition sequence and a compli- 25 Referring to the characterization phase block 58 of FIG. 
mentary fast/slow/fast timing set transition sequence. FIG. 3 > me Umm S P arame ter, n ™ely, the rate, the pulse width, 
4d illustrates a slow/medium/fast/medium/slow timing set and me launch/capture edges can be varied in order to better 
transition sequence for respective timing sets Tx/Tz/Ty/Tz/ characterize the AC fail. Varying these parameters enables 
Tx and a comphmentary fast/medium/slow/medium/fast determination of the size the AC defect, parameter 
timing set transition sequence. FIG. 4d is similarly arranged 30 sensitivity, and further enables circuit localization. A char- 
as FIG. 4b including an SRL line 62, a timing set line 64, a actenzation is typically done by modifying all timing edges 
symbol 66 representing the latch to be interrogated, and and clock P^ Wldths for a s P cclfic »t of sc*n 
horizontal line 68, indicating crossovers in the timing tran- transitions. More specifically, once localized, the AC defect 
sition sequence can evaluated by relaxing all the timing edges except for 

rr/- c n * * *u ■ *• ■ c the launch or capture edge of interest and schmooine the 

FIG. 5a illustrates yet another generic timing sequence for 35 , 1 1 A r , c . iL • 

executing an exemplary binary search to legate a failed ed f S * For P artl ^ la J la C ^T' J* ^ ^ °! 

latch. In FIG. 5 the timing is varied across the shift register the cl ° ck pube widths to determine the feedback 

latches from a slow to fast timing set transition. Similarly, or latchlD ^ P ro P erties of the 

FIG. 5b illustrates a fast to slow timing set transition. FIGS. ^ diagnostic methodologies described above have been 

5a and 5b represent a particular implementation of FIG. 4b 40 g enerall y described in the context of an engineering test 

and include an SRL line 70, a timing set line 72, a symbol mode > but mis concept can be simplified and automated for 

74, representing the latch where a transition occurs, and a production testing on a manufacturing test system. By 

horizontal line 76 representing a timing set transition point. defining a reasonably sized test with minimal parameters 

As is well known in the art, during a binary search, searched and specific timing, the test can be included as part of the 

elements, are divided into approximately equal halves, and 45 basic manufacturing test suite with minimal impact on test 

each half is tested to determine if a latch has failed within ^ me - Collecting small amounts of failing data for the short 

that particular half. If a latch fails within a particular half, test could support on-the-fly diagnostics in a manufacturing 

that half is then further divided into approximately equal test mode * More particularly, FIGS. 8 and 9 illustrate the 

halves and each half is tested for an SRL failure. This above-described test methodologies implemented on a built- 

process repeats until the failed SRL latch or latches can be 50 in x]£ test (LBIST) design that supports on-product clock 

determined. Each timing sequence transition implemented in generation where the scan operation can be performed at a 

FIGS. 5a and 5ft may each be executed as part of a single much hi g her clock r ates than shown in FIGS. 8 and 9. Such 

iteration of the binary search process. configurations are not limited by the test system speed. 

FIG. 6 illustrates a block diagram of a particular pattern With reference to FIG. 8, FIG. 8 illustrates a logic built-in 

and timing implementation configuration for effecting a 55 self test (LBIST) system 130. The LBIST system 130 

binary search in the AC scan diagnostic system. Control includes a plurality of scan chains 132, 134, 136, 138, 140. 

begins at block 90. At block 90, the initialization patterns for The number of scan chains may vary in accordance with 

propagation through the scan chains are initialized. Control particular design considerations. The scan chains intercon- 

then proceeds to block 92 which utilizes a timing set Tl to nect combinational logic, such as shown in FIG. 1, but not 

propagate selected scan patterns at various clock parameters 60 shown in FIG. 8. One or a number of scan chains 132-140 

through the scan chains to be tested. An index value IDX1 may be defined as boundary scan register latches, self -test 

defines a loop index. The loop index effectively varies the control macro register latches, or shift register latches, or the 

number of SRLs through which the scan pattern is propa- hke. 

gated using Tl timing set block 92. Control then proceeds to The scan chains 132, 134, 136, 138, 140 may be loaded 

T2 timing set block 94 which operates similarly as described 65 in a parallel manner, as described with respect to FIG. 1 or, 

with respect to Tl timing set block 92, but utilizes index may be loaded in a serial manner through multiplexers 142, 

value IDX2 and timing set T2. Control successively pro- 144, 146, 148, 150. Each scan chain 132-140 may be loaded 
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directly via respective SRIs 152, 154, 156, 158, 160. which follow. These claims should be construed to maintain 

Alternatively, SRI line 152 may be used to load shift scan the proper protection for the invention first described, 

chain 132 via multiplexer 142. Data loaded through SRI line What is claimed is: 

152 may be propagated through scan chain 132. At the 1. An apparatus for performing AC scan chain built-in self 

output of scan chain 132, the data may be input to multiple 5 test and diagnostics of an integrated circuit, comprising: 

input signature register (MISR) 162 via multiplexer 164. a reconfigurable linear feedback shift register (LFSR) 

Alternatively, the output of scan chain 132 may be directed having an input and a plurality of output lines, the 

back to the input of scan chain 134 through multiplexer 144 LFSR generating a bit pattern; 

on SRO line 182. This linking of scan chains may occur a plurality of ^ chains having [ polity of latches, the 

throughout the remainder of scan chains 136, 138, 140, so 10 ^ chains interconnected to the LFSR, each scan 

that the output of scan chain 140 is input to MISR 162 chain reC eiving at a respective input the bit 

dnxctly in a parallel-type load or serially via multiplexer pattem output bv the LFS R, and cach scan cnain 

A<p4, propagating the bit pattern from the respective input to 

SRI line 152 may also be used to provide an input, to a a respective output of each scan chain; 

reconagurable linear feedback shift register LFSR 166. 15 a multiple ^ signature reg ister (MISR), the MISR 

LFSR 166 generates pseudo-random patterns and outputs receiving the bit patterns output by the respective scan 

the patterns for output to each of input lines 172, 174, 176, chains- 

178 180 for input to scan chains 132-140 via respective , he ^ ati a si ture in accordance ^ the 

multiplexers 142-150 Thus each scan chaan may be loaded w g m frQm ^ chaj 

directly via an SRI or from LFSR 166. Scan chain 132 may 20 . • .. * • ■ ' ... 

be also loaded via an output from, LFSR 166. Scan chains a ^P**™ comparing the signature with an 

134-140 may be also loaded through a linked configuration s f lgnatur ' i based P 4 " 6 ™ ln P ut t0 thc 

via the serial output from respective scan chains 132-138. P 1 ™ 1 ' y °f x ™ chal " s ' wbe ' ein ^ en the sl f a,ure 18 

„. ., , .„_„ ... , , , , . . , . , . . equal to the expected signature, the scan chains are 

Similarly, MISR 162 may be loaded in a serial fashion via functioning correctly; and 

thc output from multiplexer 164 or may be loaded in a 25 a CQntroller fol reconfiguring the jjsr to va ^ bit 

P " al l fa f b f"^ a ± e ^"P"' f ' om ^ respective SROs tte ^ b , he LFSR and for ^ ' tiffli 

182, 184, 186, 188, 190. MISR 162 generates a signature for £ of operation of the LFSR, the plurality of scan 

the respective mput bit patterns and outputs the signature on chain , he MKR md ^ arison circuit 

MISR output 192 The MISR output 192 is apphed to 2 ^ tus of claim j further comprising a phlrality 

multiplexer 194 .. Multiplexer 194 also receives a direct mput rf seria , daU lines ^ tQ cach of a ^ ^ chain 

196 from multiplexer 164. In the current arrangement, la(ch for loadin each scan chain ktch ind dent i of thc 

multiplexer 194 outputs either a signature or SRL chain. The LFSR 

subject invention particularly address use of the above- 3 ^ mtm of claim 2 furfbe[ comprising a phllality 

desenbed structures for AC scan chain diagnostics within an r „ u - i _ *u ~ i*- i i ^- u * c 

LBIST structure 35 rnuluplexers, the multiplexers selecting between one of 

the respective serial data lines and the output lines from the 

FIG. 9 depicts a configuration for an AC scan diagnostic LFSR. 

circuit 200 for performing diagnostics on scan chains 202, 4, appara tus of claim 3 wherein the scan chains are 

204, 206, 208, and 210. Scan chains 202-210 are configured serially interconnected so that an output from one scan chain 

to interconnect combinational logic blocks as is shown in ^ ^ applied to the input of a successive scan chain. 

FIG. 1, and may include boundary scan chains, self test 5t xh c apparatus of claim 4 wherein predetermined bit 

control macro scan chains, and shift register latch chains. patterns are input to the respective scan chains in predeter- 

SRI lines 212, 214, 216, 218, 220 provide serial input to mined timing ^ m accor dance with control signals output 

respective scan chains 202-210. Input to SRI lines 212-220 by the controller. 

is provided through the output of LFSR 232. LFSR 232 is 45 6t The a pp aratus 0 f claim 5 further comprising an 

configured to recirculate a predetermined pattern, such as... on-board clock generator, the on-board clock generator 

01010101. . .Scan chains 202-210 output a serial data signal receiving control signals from the controller and generating 

on respective SROs 222, 224, 226, 228, 230. The SRO clock signals t0 effcct a particular timing set in accordance 

222-230 are applied to MISR 232 which generates a sig- with the control signals. 

nature based upon the inputs, as described above with 5Q 7. The apparatus of claim 6 wherein respective outputs of 

respect to FIG. 9. MISR 232 outputs a serial data signal on selected scan chains interconnect to the MISR in one of a 

output line 236 which is input to multiplexer 238. A second serial and parallel manner, and wherein the comparison 

data line is input to multiplexer 238 so that multiplexer 238 circuit compares the output of the MISR with an expected 

selects between a signature or a scan chain for output on output determined in accordance with the input to the scan 

SRO line 240. 5S chains to identify a failing latch which works under some 

FIG. 9 also includes an on-product control circuit 242. conditions but not all conditions. 

On-product control circuit 242 includes an LBIST controller 8, An apparatus for performing AC scan chain built-in self 

244. LBIST controller 244 sends and receives control sig- test and diagnostics of an integrated circuit, comprising: 

nals to on-product clock generator (OPCG). OPCG 246 a reconfigurable linear feedback shift register (LFSR) 

outputs clock signals to control the respective LSFR 232, 60 having an input and a plurality of output lines, the 

SRLs 202-210, MISR 232, and the like. A phase-lock-loop LFSR generating a bit pattern; 

(PLL) circuit 248 multiplies the reference clock and syn- a plurality of scan chains having a plurality of latches, the 

chronizes operation of OPCG 246. scan chains interconnected to the LFSR, each scan 

While the preferred embodiment to the invention has been chain serially receiving at a respective input the bit 

described, it will be understood that those skilled in the art, 65 pattern output by the LFSR, and each scan chain 

both now and in the future, may make various improvements propagating the bit pattern from the respective input to 

and enhancements which fall within the scope of the claims a respective output of each scan chain; 
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a multiple input signature register (MISR), the MISR 
receiving the bit patterns output by the respective scan 
chains, the MISR generating a signature in accordance 
with the bit patterns input from the scan chains; 

a comparison circuit for comparing the signature with an 
expected signature based upon the pattern input to the 
plurality of scan chains, wherein when the signature is 
equal to the expected signature, the scan chains are 
functioning correctly; and 

an on-product clock generator (OPCG) to generate clock 
signals to synchronize operation of the LSFR, the 
plurality of scan chains, and the MISR. 

9. The apparatus of claim 8 further comprising a logic 
built-in self test (LB 1ST) controller for controlling operation 
of the OPCG, the LSFR, the plurality of scan chains, and the 
MISR. 

10. The apparatus of claim 8 further comprising a phase- 
lock-loop (PLL) circuit, the phase lock loop circuit gener- 
ating a control signal to the OPCG to control operation of the 
OPCG. 

11. The apparatus of claim 8 further comprising a phase- 
lock-loop (PLL) circuit, the phase lock loop circuit gener- 
ating a control signal to the OPCG to control operation of the 
OPCG. 

12. An apparatus for performing AC scan chain built-in 
self test and diagnostics of an integrated circuit, comprising: 

a reconfigurable linear feedback shift register (LFSR) 
having an input and a plurality of output lines, the 
LFSR generating a bit pattern; 

a plurality of scan chains having a plurality of latches, the 
scan chains interconnected to the LFSR, each scan 
chain serially receiving at a respective input the bit 
pattern output by the LFSR, and each scan chain 
propagating the bit pattern from the respective input to 
a respective output of each scan chain; 

a multiple input signature register (MISR), the MISR 
receiving the bit patterns output by the respective scan 
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chains, the MISR generating a signature in accordance 
with the bit patterns input from the scan chains; 
a comparison circuit for comparing the signature with an 
expected signature based upon the pattern input to the 
plurality of scan chains, wherein when the signature is 
equal to the expected signature, the scan chains are 
functioning correctly; 
an on-product clock generator (OPCG) to generate clock 
signals to synchronize operation of the LSFR, the 
plurality of scan chains, and the MISR; and 
a logic built-in self test (LBIST) controller for controlling 
operation of the OPCG, the LSFR, the plurality of scan 
!5 chains, and the MISR, wherein the LBIST varies gen- 
eration of predetermined bit patterns input to the 
respective scan chains in predetermined timing sets. 

13. The apparatus of claim 12 further comprising a 
plurality of serial data lines input to each of a respective scan 

20 chains loading each scan chain independently of the LFSR. 

14. The apparatus of claim 12 further comprising a 
plurality of multiplexers, the multiplexers selecting between 
one of the respective serial data lines and the output lines 
from the LFSR. 

15. The apparatus of claim 12 wherein the scan chain 
latches are serially interconnected so that an output from one 
scan chain latch is applied to the input of a successive scan 
chain latch. 

30 16. The apparatus of claim 12 wherein the respective 
outputs of selected scan chains interconnect to the MISR in 
one of a serial and parallel manner, and wherein the com- 
parison circuit compares the output of the MISR with an 
expected output determined in accordance with an the input 

35 to the scan chains to identify a failing latch which works 
under some conditions but not all conditions. 



25 



03/04/2004, EAST Version: 1.4.1 



